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(57) ABSTRACT 

An elastic-type ?rst-in-?rst-out (FIFO) buffer network for an 
input/output interface to enable higher link layer clock 
frequencies given ?xed transmit clock frequencies of these 
“parallel-serial” high speed link interfaces. The netWork is 
particularly applicable to interface components used in 
In?niBand type hardWare. 
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NETWORK FOR INCREASING TRANSMIT LINK 
LAYER CORE SPEED 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to input/ 
output (I/O) data transmission devices, and more particu 
larly to ?rst-in-?rst-out (FIFO) buffer devices in I/O data 
transmission paths. 

[0003] 2. Description of the Related Art 

[0004] In?niBand (registered Trademark of the In?niBand 
Trade Association, Portland, Oregon) architecture is a neW 
common I/O speci?cation to deliver a channel based, 
sWitched-fabric technology that the entire hardWare and 
softWare industry can adopt. A netWork and components 
associated With an In?niBand netWork 100 are shoWn in 
FIG. 1a. In?niBand based netWorks are designed to satisfy 
bandWidth-hungry netWork applications, such as those com 
bining voice, data, and video on the Internet. In?niBand 
architecture is being developed by the In?niBand Trade 
Association that includes many hardWare and softWare com 
panies. Its robust layered design enables multiple computer 
systems and peripherals to Work together more easily as a 
single high-performance and highly available server. 

[0005] Being a fabric-centric, message-based architecture, 
In?niBand is ideally suited for clustering, input/output 
extension, and native attachment in diverse netWork appli 
cations. In?niBand technology can be used to build remote 
card cages 15 or connect to attached hosts 35, routers 40, or 
disk arrays 50. In?niBand also features enhanced fault 
isolation, redundancy support, and built-in failover capabili 
ties to provide high netWork reliability and availability. 
Featuring high-performance and reliability, these devices 
provide solutions for a range of netWork infrastructure 
components, including servers and storage area netWorks. 

[0006] In FIG. 1b, a block diagram is shoWn in exemplary 
form of In?niBand components in a portion of the netWork 
shoWn in FIG. 1a. These components have input/output 
interfaces, each forming part of a target channel adapter 
(TCA) 10, host channel adapter (HCA) 20, an interconnect 
sWitch device 30, and routers 40, each that have application 
speci?c integrated circuits (ASIC) core interfaces that 
include In?niBand Technology Link Protocol Engine (IBT 
LPE) cores that connect ASICs betWeen each of these 
components through links 25 in an In?niBand Technology 
(IBT) netWork 100. The IBT-LPE core supports a range of 
functionality that is required by all IBT devices in the upper 
levels of the physical layer and the loWer link layer. It also 
handles the complete range of IBT bandWidth requirements, 
up to and including a 4-Wide link operating at 2.5 gigabits 
per second. The IBT-LPE core (large integrated circuit 
design) in the upper levels of the physical layer and the link 
layer core of the ASIC comply With standards established by 
the In?niBand Trade Association in the IBTA 1.0 speci?ca 
tions (2001). Such architectures decouple the I/O subsystem 
from memory by using channel based point to point con 
nections rather than shared bus, load and store con?gura 
tions. 

[0007] The TCA 10 provides an interface for In?niBand 
type data storage and communication components. Creating 
In?niBand adapters that leverage the performance bene?ts 
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of the In?niBand architecture is accomplished through a 
cooperative, coprocessing approach to the design of an 
In?niBand and native I/O adapter. The TCA 10 provides a 
high-performance interface to the In?niBand fabric, and the 
host channel communicates With a host based I/O controller 
using a far less complex interface consisting of queues, 
shared memory blocks, and doorbells. Together, the TCA 
and the I/O controller function as an In?niBand I/O channel 
deep adapter. The TCA implements the entire mechanism 
required to move data betWeen queues and to share memory 
on the host bus and packets on the In?niBand netWork in 
hardWare. The combination of hardWare-based data move 
ment With optimiZed queuing and interconnect sWitch pri 
ority arbitration schemes Working in parallel With the host 
based I/O controller functions maximiZes the In?niBand 
adapter’s performance. 

[0008] The HCA 20 enables connections from a host bus 
to a dual 1X or 4X In?niBand netWork. This alloWs an 
existing server to be connected to an In?niBand netWork and 
communicate With other nodes on the In?niBand fabric. The 
host bus to In?niBand HCA integrates a dual In?niBand 
interface adapter (physical, link and transport levels), host 
bus interface, direct memory target access (DMA) engine, 
and management support. It implements a layered memory 
structure in Which connection-related information is stored 
in either channel on-device or off-device memory attached 
directly to the HCA. It features adapter pipeline header and 
data processing in both directions. TWo embedded In?ni 
Band microprocessors and separate direct memory access 
(DMA) engines permit concurrent receive and transmit 
data-path processing. 

[0009] The interconnect sWitch 30 can be an 8-port 4X 
sWitch that incorporates eight In?niBand ports and a man 
agement interface. Each port can connect to another sWitch, 
the TCA 10, or the HCA 20, enabling con?guration of 
multiple servers and peripherals that Work together in a 
high-performance In?niBand based netWork. The intercon 
nect sWitch 30 integrates the physical and link layer for each 
port and performs ?ltering, mapping, queuing, and arbitra 
tion functions. It includes multicast support, as Well as 
performance and error counters. The management interface 
connects to a management processor that performs con?gu 
ration and control functions. The interconnect sWitch 30 
typically can provide a maximum aggregate channel 
throughput of 64 gigabits, integrates buffer memory, and 
supports up to four data virtual lanes (VL) and one man 
agement VL per port. 

[0010] FIG. 2 illustrates the core logic 210 that connects 
an In?niBand transmission media 280 (the links 25 shoWn in 
FIG. 1b) to an application speci?c integrated circuit (ASIC) 
240 (such as the TCA 10, the HCA 20, the sWitch 30, the 
router 40, etc. as shoWn in FIG. 1b). The core logic 210 
illustrated in FIG. 2 is improved using the invention 
described beloW. The core logic 210 shoWn in FIG. 2 is not 
necessarily prior art and may not be generally knoWn to 
those ordinarily skilled in the art at the time of ?ling of the 
invention. While the core logic 210 is shoWn as being 
separate from the ASIC 240 in FIG. 2, as Would be knoWn 
by one ordinarily skilled in the art, the core logic is generally 
part of the ASIC. 

[0011] The receive and transmit data transmission media 
clock 280 may operate at a different frequency (e.g., 250 
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MHZ +/—100 parts per million on the receive path and the 
core logic 210 transmit data path may operate at 250 MHZ). 
Further, in turn, the core 210 may, operate at a different 
frequency compared to the ASIC 240 clock speed (e.g., 312 
MHZ). 
[0012] To accommodate the different speeds of the data 
signals being handled, the core logic 210 includes a serial 
iZation portion 270 that includes serialiZation/deserialiZation 
units 225, 227. The structure and operation of such serial 
iZation/deserialiZation units is Well knoWn to those ordi 
narily skilled in the art and such Will not be discussed in 
detail herein so as not to unnecessarily obscure the salient 
features of the invention. 

[0013] The In?niBand transmission media 280 is made up 
of a large number of serial transmission lanes that form the 
links 25. The receive serialiZation/deserialiZation units 225 
deserialiZe the signals from the transmission media 280 and 
perform suf?cient conversion to reduce the frequency to one 
that is acceptable to the core logic 210. For example, if the 
serialiZation/ deserialiZation receive units 225 operate to 
deserialiZe 10 bits at a time, a 10-to-1 reduction occurs that 
reduces the 2.5 gigabit per second speed on the transmission 
media 280 into a 250 MHZ frequency that is acceptable to 
the core logic 210. 

[0014] The core logic 210 also includes a frequency 
correction unit 260. The frequency of the signal propagating 
along the transmission media 280 may not alWays occur at 
this Wire speed, but instead may be slightly above or beloW 
the desired frequency (e.g. by up to 100 parts per million). 
This inconsistency in the frequency is transferred through 
the serialiZation/deserialiZation units 225. The frequency 
correction unit 260 includes FIFO buffers 261 that buffer the 
signal being output by the serialiZation/deserialiZation units 
225 so as to provide the signal in a uniform 250 MHZ 
frequency to the upper link layer logic 250. 

[0015] The upper link layer logic 250 includes additional 
FIFO buffers 251 that convert the frequency of the signal 
output from the frequency correction unit 260 into a fre 
quency that is acceptable to the ASIC 240. During trans 
mission of a signal from the ASIC 240 to the transmission 
media 280, the process is reversed and the upper link layer 
logic 250 utiliZes different FIFO buffers 253. Similarly, the 
serialiZation unit 270 uses other transmission serialiZation/ 
deserialiZation units 227. Note that no correction is required 
by the frequency correction unit 262 for signals that are 
being transmitted to the transmission media 280 because the 
ASIC 240 generally produces a signal that does not need to 
be corrected. 

[0016] One disadvantage of the core logic 210 shoWn in 
FIG. 2 is the large number of buffers 251, 253, 261 that are 
required by the upper link layer logic 250 and the frequency 
correction unit 260. These buffers use substantial circuit 
poWer and reduce operational speed of data being processed 
through the core logic 210. Therefore, there is a need to 
reduce the number of buffers Within the core logic 210 to 
reduce this poWer usage and increase processing speed. 

SUMMARY OF THE INVENTION 

[0017] In vieW of the foregoing problems, the present 
invention has been devised. It is an object of the present 
invention to provide a parallel-serial architecture netWork 
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that includes a transmission media and at least one processor 
connected to the transmission media by a core. The core 
provides communications betWeen the transmission media 
and the processor. 

[0018] The core includes a logic layer connected to the 
processor, serial lanes connecting the logic layer to the 
transmission media, and receive and transmit buffers Within 
the serial lanes. The receive buffers correct for ?uctuations 
in the transmission media and alter the frequency of signals 
being processed along the serial lanes. 

[0019] The invention may also include serialiZer/deserial 
iZers Within the serial lanes. The receive buffers and the 
transmit buffers are preferably elastic ?rst-in, ?rst-out 
(FIFO) buffers and the receive buffers and the transmit 
buffers are both eXternal to the logic layer. The transmit 
buffers alter a frequency of signals being transferred from 
the layer logic to the transmission media While the receive 
buffers process signals being transferred from the transmis 
sion media to the logic layer. The “processor” can be a host 
channel adapter, a target channel adapter, or a interconnect 
sWitch of the netWork. 

[0020] With the invention the receive buffers perform the 
functions that Were previously performed by FIFO buffers 
251 and FIFO buffers 261 in the structure shoWn in FIG. 2. 
Thus, the invention reduces the number of buffers Within the 
core logic 210. This decrease in the number of buffers Within 
the core logic 210 reduces poWer consumption, increases 
processing speed and decreases the chip area (e.g., footprint) 
consumed by the core logic 210. 

[0021] Integration of frequency correction and frequency 
adjustment processes into the input receive elastic FIFOs 
220 also enables the upper layer logic 250 to have clock 
frequencies that are greater than external components con 
nected thereto. Thus, the invention moves the clock domain 
conversion to a loWer logic level compared to the structure 
shoWn in FIG. 2. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The foregoing and other objects, aspects and 
advantages Will be better understood from the folloWing 
detailed description of a preferred embodiment(s) of the 
invention With reference to the draWings, in Which: 

[0023] FIG. 1a is a schematic diagram of an eXemplary 
In?niBand netWork for data transmission in Which the 
invention is preferably used; 

[0024] FIG. 1b is a section of the In?niBand netWork With 
interface components; 

[0025] FIG. 2 is a schematic diagram of a core that 
provides transmission betWeen an ASIC and a transmission 

media; 
[0026] FIG. 3 is a schematic diagram of a core that 
provides transmission betWeen an ASIC and a transmission 
media; and 

[0027] FIG. 4 is a more detailed schematic diagram of a 
portion of the core logic shoWn in FIG. 3. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0028] As mentioned above, there is a need to reduce the 
number of buffers Within the core logic 210. The ?rst 
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embodiment of the invention, shown in FIG. 3, reduces the 
number of buffers Within the core 210 by combining the 
operation of the buffers 251, 261 and removing the buffers 
251, 253 from the upper link layer logic 250. More speci? 
cally, as shoWn in FIG. 3, elastic buffers 220, 230 reside 
betWeen the upper link layer logic 250 and the serialiZation 
portion 270. The frequency correction portion 260 (shoWn in 
FIG. 2) has been eliminated from the structure shoWn in 
FIG. 3. 

[0029] The receive elastic FIFO buffers 220 noW perform 
the function of the frequency correction portion 260 and 
correct any frequency deviations Which may occur along the 
transmission media 280. HoWever, FIFO buffers 220 also 
modify the frequency of the signal to that desired by the 
ASIC 240, Which Was a function that Was separately per 
formed by FIFO buffers 251 shoWn in FIG. 2. 

[0030] Therefore, the FIFO buffers 220 perform the func 
tions that Were previously performed by FIFO buffers 251 
and 261 shoWn in FIG. 2, thereby reducing the number of 
buffers Within the core logic 210. This decrease in the 
number of buffers Within the core logic 210 reduces poWer 
consumption, increases processing speed and decreases the 
chip area consumed by the core logic 210. The elastic 
transmission FIFO buffers 230 perform a similar function to 
the transmission FIFOs 253 shoWn in FIG. 2. 

[0031] Integration of frequency correction and frequency 
adjustment processes into the input receive elastic FIFOs 
220 also enables the upper layer logic 250 to have clock 
frequencies that are greater than external components con 
nected thereto. For example, the upper layer logic section 
250 could have a speed greater than 250 MHZ While the 
buffers 220, 230 and serialiZation 270 portion could operate 
at approximately 250 MHZ (the netWork shoWn in FIG. 3 
moves the clock domain conversion to a loWer logic level 
compared to that shoWn in FIG. 2). 

[0032] As mentioned above, some hardWare in In?niBand 
netWorks have components that operate at different speeds 
due to different standards imposed. For example, some 
devices in an In?niBand netWork that operate at 250 MHZ 
must communicate With non-In?niBand interface compo 
nents such as “Fibre Channel” based components that oper 
ate at 312 MHZ. These various speed differentials are 
reconciled the invention. By integrating the clock-compen 
sation FIFOs 251 that Would be used to perform the clock 
domain conversion With the frequency correction FIFOs 251 
in the inventive elastic FIFOs 220 used by the loWer level 
receive logic section of an I/O component, the invention 
improves netWork performance by loWering the latency of 
the data passing through the device. 

[0033] Referring noW to FIG. 4, a more detailed sche 
matic of the design for the core 210 is illustrated. To enable 
different clock speeds betWeen the transmit media 280 
(through the parallel-serial high speed physical layer) and 
the upper layer logic 250, data is transmitted through byte 
striped serial transmit lanes 200, each through serialiZer/ 
deserialiZer (TX SERDES) convertors 227. Logic controller 
circuitry for pacing the upper transmit layer logic 250 is 
incorporated therein to prevent FIFO over?oW. The logic 
controller detects When the elastic FIFO buffers 220, 230 are 
almost full, and then interrupts the clocking of the upper 
layer logic 250 (pauses data ?oW) to prevent excessive data 
How into these elastic FIFOs 220, 230 When they are almost 
full. 
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[0034] As is Well knoWn to those ordinarily skilled in the 
art, such elastic FIFO buffers 220, 230, each have multiple 
memory locations into Which data is consecutively input. 
The elastic FIFOs are the preferred form of FIFO used in the 
invention because they can tolerate different amounts of data 
(e.g., are expandable). Alternatively, regular FIFOs (e.g. 
non-elastic) can be used, but With restriction since only a 
?xed amount of data can be contained Within them at any 
instant in time. Data is output from FIFO’s in the same 
consecutive order in Which it is input. 

[0035] As is also Well knoWn, there are controls on the 
input that instruct the FIFO buffers to latch the current input 
and place it into the next memory location, and controls on 
the output that instruct the FIFO buffers to present the next 
memory location on the output. There are also indications 
from the device 220, 230 on hoW much data is currently in 
the device. The frequency at Which data is removed from the 
device is not necessarily related to the frequency of data 
being place into the device, Which alloWs the FIFO to 
convert the frequency of signals. HoWever, logic controlling 
the device must control it so as to avoid instructing the 
output to advance to the next entry When there is no data in 
the device, and avoid instructing the input to place data in 
the next entry When the device is full of data. To achieve the 
foregoing functions, the elastic FIFOs 220, 230 include 
connections for a data byte signal 211, a FIFO full indication 
212, a data strobe signal 213 and an upper layer clock signal 
214 for each of the FIFO lanes. Additionally, a data byte out 
signal 216, data get strobe get signal 217 and a media clock 
signal 218 are used for data signal transmission control. 

[0036] The FIFO 230 uses each latching edge of a 
data_byte_out_clk signal 218 for Which data_byte_ 
get_strobe signal 217 is asserted to free an entry in the FIFO, 
and place the data in the entry on the output of the FIFO. The 
FIFO uses each latching edge of data_byte_in_clk signal 
214 for Which the data_byte_put_strobe signal 213 is 
asserted to place an entry into the FIFO. The FIFO indicates 
hoW much data is currently in the FIFO on the data_count. 
This value is updated as data is inserted and removed. The 
upper layer logic section 250 uses the data_count output to 
monitor the status of the FIFO. If all of the entries in the 
FIFO are used, the upper layer logic Will reassert 
data_byte_put_strobe signal 213 until the data_count value 
indicates there is an entry available. When the above opera 
tion is used, the upper layer logic section 210 can operate at 
higher frequencies, and clock domain conversion is 
achieved. 

[0037] As shoWn above, With the invention the FIFO 
buffers 220 perform the functions that Were previously 
performed separately by FIFO buffers 251 and 261 in the 
structure shoWn in FIG. 2, thereby reducing the number of 
buffers Within the core logic 210. This decrease in the 
number of buffers Within the core logic 210 reduces poWer 
consumption, increase processing speed and decreases the 
chip area consumed by the core logic 210. Integration of 
frequency correction and frequency adjustment processes 
into the input receive elastic FIFOs 220 also enables the 
upper layer logic 250 to have clock frequencies that are 
greater than external components connected thereto (for 
example, the upper layer logic section 250 could have a 
speed greater than 250 MHZ While the buffers 220, 230 and 
serialiZation 270 portion could operate at approximately 250 
MHZ). Thus, the invention moves the clock domain conver 
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sion to a lower logic level compared to the structure shoWn 
in FIG. 2. Moreover, although the preferred structure of the 
invention is shoWn in FIG. 3, the invention can be used 
exclusively as a data input or output process, as required in 
a speci?ed mode of operation. 

[0038] The invention also alloWs less precise (and less 
costly) clocking devices to be used With the elastic FIFOs 
220, 230. More speci?cally, the devices Within the upper 
link layer logic 250 require clock signals that have a very 
high level of accuracy. By removing the buffers 220, 230 
from the upper link layer logic 250, the invention reduces 
the demand that the core logic 210 makes for highly accurate 
clock signals. By alloWing less accurate clock signals to be 
supplied to the FIFO buffers 220, 230, the invention reduces 
the cost of the core logic 210 in that the invention alloWs the 
substitution of less accurate and less expensive clock signal 
producing devices to be used for the buffers 220, 230. To the 
contrary, the FIFO buffers 251, 253 shoWn in FIG. 2 Would 
place a greater demand on the more expensive and more 
accurate clock signal producing devices. 

[0039] Therefore, the invention produces a number of 
savings by reducing the number of FIFO buffers Within the 
core logic 210 and also by removing the buffers from the 
upper link layer logic 250. The invention produces a core 
that has a higher processing speed, srnaller footprint, and 
that is less expensive than previous structures. 

[0040] While the invention has been described in terms of 
preferred embodiments, those skilled in the art Will recog 
niZe that the invention can be practiced With rnodi?cation 
Within the spirit and scope of the appended claims. 

What is claimed is: 
1. A core for providing communications between a trans 

mission media and a processor in a parallel-serial architec 
ture, said core comprising: 

a logic layer; 

at least one serial lane connecting said logic layer to said 
transmission media; and 

at least one buffer interposed in each serial lane, 

Wherein each buffer corrects for ?uctuations in said 
transmission media and alters a frequency of signals 
being processed along said serial lanes. 

2. The core in claim 1, further comprising a serialiZer/ 
deserialiZer connected betWeen said transmission media and 
each buffer. 

3. The core in claim 1, Wherein said buffer cornprises 
elastic ?rst-in, ?rst-out (FIFO) buffers. 

4. The core in claim 1, Wherein each buffer is external to 
said logic layer. 

5. The core in claim 1, Wherein said buffer comprises a 
plurality of buffers and a ?rst group of said buffers alters a 
frequency of signals being transferred from said logic layer 
to said transmission media. 

6. The core in claim 5, Wherein a second group of said 
buffers alters a frequency of signals being transferred from 
said transmission media to said logic layer. 

7. The core in claim 1, Wherein said processor is a unit 
selected from a group consisting of a host channel adapter, 
a target channel adapter, and an interconnect sWitch. 

Sep. 26, 2002 

8. A parallel-serial architecture network comprising a 
transmission media and at least one processor connected to 
said transmission media by a core, said core providing 
communications between said transmission media and said 
processor, said core comprising: 

a logic layer; 

a plurality of serial lanes connecting said logic layer to 
said transmission media; and 

a plurality of receive buffers and transmit buffers Within 
said serial lanes, 

Wherein said receive buffers and said transrnit buffers alter 
a frequency of signals being processed along said serial 
lanes. 

9. The parallel-serial architecture netWork in claim 8, 
further comprising a plurality of serialiZer/deserialiZer 
Within said serial lanes. 

10. The parallel-serial architecture netWork in claim 8, 
Wherein said receive buffers and said transrnit buffers corn 
prise elastic ?rst-in, ?rst-out (FIFO) buffers. 

11. The parallel-serial architecture netWork in claim 8, 
Wherein said receive buffers and said transrnit buffers are 
external to said logic layer. 

12. The parallel-serial architecture netWork in claim 8, 
Wherein said transrnit buffers alter a frequency of signals 
being transferred from said layer logic to said transmission 
media. 

13. The parallel-serial architecture netWork in claim 8, 
Wherein said receive buffers process signals being trans 
ferred from said transmission media to said logic layer. 

14. The parallel-serial architecture netWork in claim 8, 
Wherein said processor comprises one of a host channel 
adapter, a target channel adapter, and a interconnect sWitch. 

15. A core for providing communications between a 
transmission media and a processor in a byte-stripped par 
allel-serial In?niBand architecture, said core comprising: 

a logic layer; 

a plurality of serial lanes connecting said logic layer to 
said transmission media; and 

a plurality of receive buffers and transmit buffers Within 
said serial lanes, 

Wherein said receive buffers correct for ?uctuations in 
said transmission media and alter a frequency of signals 
being processed along said serial lanes. 

16. The core in claim 15, further comprising a plurality of 
serialiZer/deserialiZer Within said serial lanes. 

17. The core in claim 15 , Wherein said receive buffers and 
said transrnit buffers cornprise elastic ?rst-in, ?rst-out 
(FIFO) buffers. 

18. The core in claim 15 , Wherein said receive buffers and 
said transrnit buffers are external to said logic layer. 

19. The core in claim 15, Wherein said transrnit buffers 
alter a frequency of signals being transferred from said layer 
logic to said transmission media. 

20. The core in claim 15, Wherein said receive buffers 
process signals being transferred from said transmission 
media to said logic layer. 

* * * * * 


